The review summarizes recent literatures dealing with hydrazinecarbothioamide group in thiocarbohydrazides and other derivatives including their physical and chemical properties along with their applications in the synthesis of heterocycles.
Introduction
Carbohydrazide and thiocarbohydrazide are hydrazine derivatives of carbonic and thiocarbonic acids. Although in general thiocarbohydrazides are more widely used in heterocyclic synthesis than thioureas, both types contain the functional group RNHCSNHR. Substituted thiobiureas (RNHCONHNHCSNHR) are key to the synthesis of many organic heterocyclic ring systems. Several authors have investigated under various conditions the heterocyclization of 1-acylthiobiurea, 1 1,6-disubstituted 2,5-dithiobiureas, 2 and 1-aryl/alkyl-2-thiobiureas. 3 Also, the heterocyclization of compounds having an extended urea-like chain such as 1,4-and 2,4-disubstituted thiosemicarbazides have been reported. 4, 5 Thiocarbohydrazide derivatives have attracted much attention in recent years due to their applications in the synthesis of heterocyclic compounds, 6 synthesis of transition metal complexes, 7, 8 and pharmacological studies. 3 Moreover, carbohydrazide derivatives were widely used as an oxygen scavenger (metal passivator) for water treatment systems, particularly for boiler-feed systems. 9 The chemistry of carbohydrazides has grown fast, and has not been reviewed in more than three decades. Accordingly, it is important to shed more light on the recent literature dealing with that chemistry, especially in the field of heterocycles.
Synthesis of Thiocarbohydrazides
Syntheses of carbohydrazide and thiocarbohydrazide of preparative value are exclusively variations of one basic reaction, viz. the hydrazinolysis of carbonic and thiocarbonic acid derivatives. The individual variants of this general synthesis differ from one another in their applicability and relative merit and are discussed separately below.
Hydrazinolysis of thiophosgene
Reaction of thiophosgene (1) with hydrazine afforded directly thiocarbohydrazide (2) as shown in Scheme 1. 
Hydrazinolysis of carbon disulfide
The reaction of hydrazine with carbon disulfide is no doubt the cheapest and most useful method for the preparation of thiocarbohydrazide (2) in quantity. 11 CS 2 + 2NH 2 NH 2 → NH 2 NHCSNHNH 2 (2)+ H 2 S
Hydrazinolysis of dialkyl xanthates
The hydrazinolysis of dialkyl xanthates 3 is a possible route to thiocarbohydrazide (2) . By warming the two reactants, high yields of thiocarbohydrazide are claimed to be obtainable; the effluent gases, ethanol and ethanethiol, are ignited as they leave the reaction vessel (Scheme 2). Scheme 6 1.8. Action of periodic acid 1,5-Diacyl thiocarbohydrazides 4 were expeditiously transformed into the corresponding 1,5-diacyl carbohydrazides 9 with periodic acid by room temperature grinding under solvent free conditions. This protocol has the advantages of mild conditions, fast reaction rate, high yield, and simple work-up procedure (Scheme 7). 
Biological activities of thiocarbohydrazide derivatives
Thiocarbohydrazide is the closest structural analog of thiosemicarbazide, derivatives of which are recommended as effective antitubercular 18, 19 and antiviral preparations. 20 Thiocarbazides of the aromatic series also exhibit high antiviral 21 and antimicrobial activity. 22 Macrocycles synthesized in the reactions of thiocarbohydrazide (2) with polycarbonyl compounds and their complexes with the salts of divalent metals are effective fungistatic agents, 23 while the cytotoxicity of the carbohydrazones and thiocarbohydrazones of some ketones is commensurable with or even exceeds the cytotoxicity of the well-known product melphalan. 
Scheme 8
3.2. Reactions of thiocarbohydrazides with acetylenic compounds 1-Benzoyl-2-phenylacetylene (10a) and 1-(2-thienoyl)-2-phenylacetylene (10b) with thiocarbohydrazides in acetic acid/water or ethanol/water, with the reagents in an equimolar ratio, led to the formation of the corresponding 1-carbothiohydrazinoyl-5-hydroxy-3-phenyl-5-R-2-pyrazolines 11 with yields of 60-88% (Scheme 9).
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Scheme 9
The structure of the compounds 11 so obtained demonstrated that the process takes place selectively through the intermediate formation of the enamine A, which is in tautomeric equilibrium with the hydrazone form B; at the second stage of the reaction attack by the amide nitrogen atom on the electron-deficient carbonyl carbon atom is accompanied by closure of the pyrazoline ring (Scheme 9). 26 By contrast, 1-acetyl-2-phenylacetylene 10c reacted with thiocarbohydrazide (2) in (i) DMSO or (ii) AcOH at room temperature only through the carbonyl moiety to furnish N 2 -(Z-s-trans)-and N 3 -(Z-s-cis)-bis(1-methyl-3-phenyl-2-propynylidene)-carbonothioic dihydrazides 12 in 76 or 92% yield, respectively (Scheme 10). 
Synthesis of pyrazoles
As previously mentioned, 1-benzoyl-2-phenylacetylene (10a) and 1-(2-thenoyl)-2-phenylacetylene (10b) reacted with thiocarbohydrazides to give 1-carbothiohydrazinoyl-5-hydroxy-3-phenyl-5-R-2-pyrazolines 11 with yields of 60-88% (Scheme 9). 26 The reaction of ketene dithioacetals 13a,b with thiocarbohydrazide (2) in hot ethanol afforded the corresponding pyrazole derivatives 14a,b, respectively (Scheme 11). 28a The reaction of α,β-acetylenic γ- 
Scheme 11
Reaction of 2,4,6-triphenylpyrylium tetrafluoroborate with 2 at room temperature in ethanol in the presence of triethylamine gave 5-(2-oxo-2-phenylethyl)-3,5-diphenylethyl)-3,5-diphenyl-4,5-dihydro-1H-pyrazole-1-carbothiohydrazide (16, Scheme 12). 31 Surprisingly, reaction proceeds via migration of alkyl substitutent to form the thionylated product 24 (Scheme 14). Allowing compound 25 to react with α-halocarbonyl compounds such as phenacyl bromide, chloroacetone, 2-bromomethyl propionate, chloroacetic acid, and bromo-diethylmalonate afforded the thiazolines 26a-c and thiazolidinones 27a,b, respectively (Scheme 15). 
Scheme 15
When thiocarbohydrazide (2) was treated with an equivalent of α-bromo-γ-butyrolactone (28) in boiling ethanol, a 1,3-thiazolidine dimer (29) was provided in low yield (Scheme 16). 
Scheme 17
Reactions of 2-methyl-4-phenylthiosemicarbazide with ethyl orthoformate in boiling xylene led to the formation of 2-methyl-4-phenyl-1,2,4-triazolium-5-thiolate (31) and 1-methyl-4-phenyl-1,2,4-triazoline-5-thione (32, Scheme 18). 35 The formation of these mesoionic compounds resulted from the rearrangements of 2,4-disubstituted thiosemicarbazides to 1,4-derivatives, which helped to depict the structure quite convincingly. 
Scheme 18
Hydrazine reacted with acetylhydrazine-carbothioamide to afford 4-amino-3-methyl-∆ 2 -1,2,4-triazoline-5-thione (33), whereas two molecules of 2 reacted together in presence of hydrazine to form 4-amino-3-hydrazino-∆ 2 -1,2,4-triazoline-5-thione (34, Scheme 19 
S h 24

Scheme 24
Equimolar quantities of thiocarbohydrazide (2) and aroyl isothiocyanates reacted in DMF at room temperature, affording excellent yields of the monoadducts, i.e. l-amino-thiocarbamoyl-4-aroyl-3-thiosemicarbazides (44, R = C 6 H 5 , p-ClC 6 H 4 , or p-MeOC 6 H 4 , Scheme 25). 43 The action of two moles of benzoyl isothiocyanate readily gave the linear di-adduct, e.g. (45; R = R' = Ph). Boiling of compound 44 in alkali gave rise to cyclization, forming 3-mercapto-5-phenyl-1,2-4-triazole (R = C 6 H 5 ) as shown in Scheme 25. 
Scheme 25
4-Methylthiophenyl acetonitrile (46) was converted into 4-methylthiophenyl acetic acid (47) by alkaline hydrolysis (Scheme 26). 43 The acid 47 was fused with thiocarbohydrazide (2) to get 4-amino-5-(4-methylthio)benzyl)-4H-1,2,4-triazole-3-thiol (48) as illustrated in Scheme 26. 44 In this procedure, an equimolar mixture of 47 and 2 was heated in an oil bath till the contents melted. The reaction mixture was maintained at this temperature for 3 h. Then it was allowed to cool and treated with dilute sodium bicarbonate solution in order to remove any unreacted acid. The solid was filtered, washed with water, dried and recrystallized from ethanol to obtain the pure triazole. 
Scheme 26
Various 4-amino-2,3-dihydro-4H-triazoles with aromatic, aliphatic and heterocyclic substituents at the C(5) positions were synthesized from corresponding acids 49 and/or acid esters 50 and thiocarbohydrazide (2, Scheme 27) . 44 This method allows the synthesis of these heterocycles in a short time and at reduced expense. 
Scheme 27
Reaction of carboxylic acids 51 with thiocarbohydrazide (2) at melting temperature afforded 4-amino-5-mercapto-3-aryloxymethyl/anilinomethyl-1,2,4-triazoles 52 (Scheme 28).
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Scheme 30
The biologically active 1-(6-methoxy-2-naphthyl)-1-(5-amino-4-mercapto-s-triazol-3-yl)ethane (58) was synthesized by the fusion of 2-(6-methoxy-2-naphthyl)-propanoic acid (57, Naproxen) and thiocarbohydrazide (2) as shown in Scheme 31. 49 Heterocyclic compound 58 exhibited a remarkable antifungal activity compared with the standard fungicide Mycostatine.
Radiosterilization of 58 in the dry state proves to be applicable (retaining their structures unchanged up to 40 kGy). 49 The s-triazolosulfonamide derivatives 60 were obtained in good yields by fusion of the tosyl amino acid derivatives 59 with 2 in an oil bath at 180 o C (Scheme 32). 
Scheme 35
The synthesis of (1R,2S)-1,2-bis(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)ethane-1,2-diol (72) has been achieved by the dehydrative cyclization of L-tartaric acid (71) with thiocarbohydrazide (2) (Scheme 36). Solvents affect the cyclized products resulting from the reaction of thiocarbohydrazide (2) with carbon disulfide. In pyridine, reaction of 2 with carbon disulfide afforded the salts 75 and 76. 56 In DMF, compound 2 reacted with carbon disulfide and KOH to afford the salt 77 which can be cyclized on warming to give the corresponding 1,3,4-thiadiazoline-2-thione (Scheme 38). 
Synthesis of triazines
A facile synthetic route to triazinones 90 is outlined in Scheme 43. 62 The reaction mixture of 2 and oxazolones 89 was refluxed for nearly 2 h and the products separated upon cooling were collected by filtration. 
Scheme 43
Reaction of thiocarbohydrazide (2) with dicyandiamides 91 yielded 1-amino-6-hydrazono-4-imino(or ary1imino)hexahydro-1,3,5-triazine-2-thiones 92 (Scheme 44).
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Scheme 45
Another class of fused triazines, identified as imidazo [4,5-e] triazine-2-ones 96a,b, were obtained from the interaction of imidazolidineimino-thiones 95a,b with 2 via elimination of both H 2 S and NH 3 (Scheme 46). 30 The isolated products were investigated as antitumor agents. 
Synthesis of thiadiazines
Thiocarbohydrazide (2) 
Scheme 49
The reaction of 2 with 2-adamantanone (104) in ethanol gave the spiro-[adamantine-2,3'-stetrazine]-6'-thione (105). 67 In 
Scheme 51
Mohan reported on another tetrazinethione 114 from the reaction of furfural (113) with 2, which was identified as 6-(2-furyl)-1,4,5,6-tetrahydro-s-tetrazine-3(2H)-thione (Scheme 51). 72 . 17 Iodine solution in ethanol was added with continuous stirring; the color of iodine gradually disappeared. The addition of iodine was continued till it was in slight excess indicated by the persistence of its violet color. After keeping the reaction mixture overnight granular solids were obtained; these were identified as dihydroiodo-1,2,4,5-thiaoxadiazines, which on basification with dilute ammonium hydroxide gave the free base (Scheme 54). 
Scheme 55
However, the reaction of the starting materials under microwave irradiation afforded the same products in higher yields within a few minutes. 76 Spectroscopic data excluded the formation of the regio-isomeric heterocycle 132 (Scheme 56). N-Imidoylthioureas (133, analogous to thiocarbohydrazides) reacted with DMAD (128) to form 1,3,5-thiadiazepines 134a-e (Scheme 57). 77 The reaction mechanism can be simply described as due to sulfur atoms attacking the triple bond of DMAD in conjugate fashion, followed by proton transfer and nucleophilic attack of the amidine group on the double bond in 128 to form the intermediates 135. 77 Thereafter a nucleophilic attack of the amidine-like nitrogen on the ethylenic-ester would form the salt 136. Aromatization of 136 is accompanied by the extrusion of a hydrogen molecule to produce the stable compounds 134a-e (Scheme 57). 77 A similar observation was reported by Alajarín and his group. 
Scheme 64
Likewise, 3H,5H-2-iminoamino-7-methyl-(1,2)-pyrazolo[4,5-e]-1,3,4-thiadiazine (162) was formed when 4-bromopyrazole (161) was treated with thiocarbohydrazide (2). This was further allowed to react with aromatic aldehydes to obtain the corresponding Schiff bases 163 (Scheme 64). 
84
Other work was also undertaken to examine the reactions of thiocarbohydrazides derived from ethylene diamine p-CHL. Thus, two equivalents of thioureidoethylthiourea derivatives reacted with 164 in THF at room temperature to afford substituted imino- [1, 3, 6 ]-thiadiazepane-2-thiones 167 as minor products (14-19%) and trichloro-7-oxo-quinoxaline-1-carbothioamides 168 as major products (41-49%), in addition to the corresponding dihydrobenzoquinone (Scheme 65). Upon addition of doubled molar amounts of 176 to a solution of 4-substituted thiosemicarbazides in ethyl acetate, with the admission of air, the green color of a transient charge-transfer complex is observed, which quickly gives way to a brown and finally to a characteristic reddish orange color. Chromatographic separation of the sublimation residue gave products 179-182 (see Scheme 69). 
Scheme 70
This behavior is explained as being due to initial formation of an unstable charge-transfer complex (CTC) followed by a chemical reaction which yields substituted oxadiazoles 185 and heterocycles 186-188. Upon reaction of the same acyl thiosemicarbohydrazides with two equivalents of acceptors 169 and/or 2,3-dicyano-1,4-naphthoquinone (DCNQ, 184) in ethyl acetate, the transient CT-complexes underwent conversion into heterocycles 189-191 (Scheme 70). 87 Reactions of acyl thiosemicarbohydrazides with 176 in DMF were found to run smoothly, the conversions of starting materials, in case of phenyl substitutent, in chlorobenzene to 192, whereas the other derivatives of the target donors gave with 176, heterocycles 193-195 (Scheme 71). 
Scheme 77
Aly has also demonstrated a very convenient synthesis of the fused thiazoles 217 (Scheme 78) from the reaction of aroylphenylthioureas (as analogues of thiocarbohydrazides) with π-acceptor quinones (CHL-p, DDQ and DCHNQ). 
Heterocycles via Metal Complexation
A series of complexes 218 of the type [M(TML)X 2 ]; where TML is Tetradentate Macrocyclic Ligand; M = Co(II), Ni(II), Cu(II), Zn(II)or Cd(II); X = Cl, CH 3 COO or NO 2 have been synthesized by template condensation of glyoxal and compound 2 in the presence of divalent metal salts in methanolic medium (Scheme 79). 95 The procedure can be summarized as follows:
to a stirring methanolic solution (50 mL) of 2 (10 mmol) was added a divalent cobalt, nickel, copper, zinc or cadmium salt (5 mmol) dissolved in a minimum quantity of methanol (20 mL). The resulting solution was refluxed for 0.5 h. After that glyoxal (10 mmol) dissolved in 20 mL methanol was added to the refluxing mixture and refluxing continued for 6-10 h, depending upon the metal salt. The mixture was concentrated to half of its volume and kept in desiccators for 2 d. The complexes 218 were filtered, washed with methanol, acetone and ether and dried in vacuo: yield 40%. The complexes are soluble in DMF and DMSO, but are insoluble in common organic solvents and water. 
Scheme 81
Reactions of formylpodands 222 with carbohydrazide (2b) or thiocarbohydrazide (2a) afforded macroheterocycles 223 and 224 with a carbo-or thiocarbohydrazone moiety respectively (Scheme 82). Scheme 82
